Methods

Enzyme-bearing Tubes
The glucose oxidase (EC 1.1.3.4) we used was from Aspergii'lus niger ("highly purified grade"; Carlo Erha, Milan, Italy); Prepare a solution consisting of 9 ml of a sodium hypochlorite solution (100 g/L) and 10 g of sodium hydroxide, diluted to 1000 mL with de-ionized water.
Store at 4 #{176}C. Phosphate buffer, pH 7.5, 50 mmol/L, in 1 mmol/L EDTA: Dissolve 1.25 g of KH2PO4 and 6.5 g of K2HPO4 in 500 mL of de-ionized water, add 372 mg of disodium EDTA, dilute to 1000 mL with de-ionized water, and add 1 mL of Brij-35.
Methods of Comparison
A micro-scale version (3) of the glucose oxidase method of
Trinder was used as the assay of comparison for glucose estimation. Previously detailed modifications 
Results
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Glucose Assay (Figure 2 )
Uric acid
The dialysate from a 50-12L sample is exposed to immobilized glucose oxidase at the optimum pH of 6.5 ( Figure 3) The dialysate from a 50-tL sample is exposed to immobilized uricase at the optimum pH of 8.5 ( Figure 3) . The resulting hydrogen peroxide is reacted with 2,4-dichlorophenolsulfonate (Trinder reagent). A 61-cm dialyzer extracts about 20% of the uric acid that is present in the sample stream. A fresh 100-cm tube containing immobilized uricase degrades about 25% of the uric acid presented to it in aqueous solution within the concentration range of 20 to 100 mg of uric acid per liter. Thus, about 1.6% of the uric acid in the original sample ultimately participates in the analytical reaction.
The calibration is linear to 120 mg of uric acid per liter. The recorder is adjusted to give a full-scale signal with 100 mg of uric acid per liter. With this degree of signal expansion, noise at baseline is 0.2% of full scale and increases to 1.5% of full scale at high concentrations.
When the system is operated at a rate of 40 samples per hour and with a 1-to-2 sample-to-wash ratio, 76% of steady state is achieved and interaction between successive samples is 1.5%. Analysis of the method error (Table 1) shows that the overall coefficient of variation decreases at higher uric acid concentrations, and that variability between runs and variability within runs contribute about equally to overall variability. Samples with a uric acid content of 18 to 117 mg/L were used in comparing our continuous-flow assays (y) with results by the phosphotungstate procedure (x). This gave the correlation y = -0.658 + 1.031x, with a correlation coefficient n = 0.986 (n = 200).
Urea Assay (Figure 5)
The dialysate from a 40-jL sample is exposed to immobilized urease at the optimum pH 7.5 ( Figure 3) . The ammonia produced is reacted with phenol and hypochlorite at 37 #{176}C (Berthelot reaction). A fresh 10-cm tube containing immobilized urease completely degrades the urea dialyzed from samples containing up to 2.0 g of urea per liter. The calibration is linear to 2.5 g of urea per liter. The recorder is adjusted to give a full-scale signal with 1.0 g of urea per liter. With this degree of signal expansion, noise at baseline is 0.2% of full scale and increases to 1.5% of full scale at high concentrations.
When the system is operated at the rate of 50 samples per hour and with a 1-to-2 sample-to-wash ratio, over 90% of steady state is achieved and there is no interaction between successive samples. Analysis of the method error (Table 1) shows that the overall coefficient of variation decreases somewhat at higher concentrations, and that variability between runs is about twice as large as within runs. 
Some Analytical Variables
Conventional continuous-flow systems.
To accommodate standard equipment or to increase the sampling rate to 60 or even 80 per hour, the flow rates of the systems shown in Figures 2,4, and 5 can be increased. For the glucose assay, the flow rates of the entire manifold, excepting the air lines, can be tripled. At the same time, the length of the glucose oxidasebearing tube is increased to 100 cm. For the uric acid assay, the flow rates of the entire manifold, excepting the air lines, can also be tripled; the length of the uricase-bearing tube remains unchanged.
For the urea assay, the length of the dialyzer is doubled from 7.5 to 15 cm and the flow rates of the phenol line, hypochlorite line, and flow-cell pull-through line ("return") are doubled. At the same time, the length of the urease-bearing tube may be increased to 25 cm.
Useful lifetime of enzyme-bearing tubes.
The three types of enzyme-bearing tubes have a shelf life of at least six months. Tubes used intermittently at rates of 60 to 80 assays per hour on conventional systems that incorporate dialysis of the sample stream can perform at least 20 000 assays of glucose and of uric acid and at least 10000 assays of urea during longer than three months. When the three enzyme tubes are exposed to a continuous buffer stream on the described hybrid systems, the loss of activity with time follows a similar pattern. The values for glucose oxidase in Table 2 show that the decay in activity is neither linear nor exponential, but accelerates with time. In analogous fashion, uricase loses 10% of its original activity in about 20 h and half of its original activity in 70 h. (5) . However, the pH optima of immobilized urease and uricase are the same as is measured in solution (4) . The pH for optimal stability of an enzyme may differ from the pH for optimal activity. Consequently, selection of the pH at which an enzyme-bearing tube is used cannot always be based exclusively on the activity profile, but may require a compromise.
Performance of continuous-flow system.
Enzymes immobilized in different ways have been applied to continuous-flow analysis (6, 7) . Such application offers several unique conveniences. Solutions need not be prepared, the enzyme reagent need not be refrigerated when stored, and the flow diagram may be simplified to render operation more rugged. Enzyme-bearing tubes are well suited for use on hybrid microsystems, which were originally developed with the following three goals in mind: use of a single system for adult and pediatric samples, use of a single system for emergency and hatched assays, and continuous operation with reagents pumped round-the-clock (2) . The last specification may be unattainable when dealing with enzyme solutions that are expensive or that rapidly lose activity. Immobilized enzymes can resolve these shortcomings.
The length of enzyme-hearing tube required was determined empirically.
Microsystems in general require shorter tubes than do conventional systems, because the amount of analyte is minimized.
As the glucose assay demonstrates, reliable results can he obtained when only a fraction of the analyte present in the dialyzate is actually utilized in the analysis.
The performance characteristics of the described methods are excellent. 
